Background: Determination of predictors of response to cardiac resynchronisation therapy (CRT) in patients with moderate to severe heart failure accompanied by a ventricular dyssynchrony can play a major role in improving candidate selection for CRT.
INTRODUCTION
Despite using current therapeutic protocols and guideline-mandated treatments, the increase in prevalence of heart failure and mortality and morbidity related to this condition is a growing medical challenge. Although pharmacologic therapy is considered the gold therapeutic intervention in modifying the processes of ventricular remodelling for these patients, only 10% of heart failure patients are fully compliant with their medications and approximately one third never refill their prescriptions (1) . Cardiac resynchronisation therapy (CRT), also known as biventricular pacing, is a useful, safe and well tolerated modality for improving cardiac contractility in heart failure patient. Multiple clinical trials have described marked long-term improvement in symptoms and exercise capacity following CRT therapy in patients with advanced heart failure (class III or class IV in New York Heart Association (NYHA) classification) along with ventricular dyssynchrony (2-5) . It was also suggested that the use of CRT could lead to sustain progress in long-term quality of life and survival in patients with moderate to severe heart failure (6,7) . Therefore, determination of optimal predictors of response to CRT could play a major role in patient selection for CRT. Currently, some wellknown predictors include a less-advanced stage of disease and echocardiographic evidence of interventricular dyssynchrony (8) , existence of right branch bundle block (9) and peak VO2 (3) . However, the power of duration of the QRS complex to predict patients' response to CRT is a matter of controversy (10-12) .
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The programmed atrioventricular delay was calculated from a proprietary algorithm based on measures of the intrinsic PR interval, the QRS interval and the intracardiac atrioventricular interval at the time of implantation.
Data were reported as mean ± standard deviation (SD) for quantitative variables and percentages for categorical variables. Comparison of unpaired data was performed using the Student's t test. Paired t test was also used to compare data immediately before and 6 months after CRT in each studied group. The value of the baseline QRS duration to predict late response (6 months follow-up) was determined by receiver operator characteristic (ROC) curve analysis. A value of 0.5 indicates that the model was equivalent to pure chance and a value of 1 indicates perfect discrimination (14) .
Cut-off score was estimated for prediction of response to CRT by the ROC curve analysis (the empirical point that maximises sensitivity and specificity of baseline QRS duration for predicting of CRT response). Predictors exhibiting a statistically significant relationship with clinical response to CRT such as gender and NYHA class in the univariate analysis were taken for a multivariate logistic regression analysis to investigate their independence. P values of 0.05 or less were considered statistically significant. All the statistical analyses were performed using SPSS version 13 (SPSS Inc., Chicago, IL, USA) and the STATA statistical package (version 10.0; College Station, TX, USA).
RESULTS
General characteristics were comparable in responders and nonresponders to CRT (Table 1 ). Our study also showed no significant differences between the two groups in the etiology of cardiomyopathy (ischemic or non-ischemic) as well as mean of ejection fraction before and 6 months after CRT. In 21.7% of patients, NYHA score remained unchanged following CRT, whereas 1-and 2-grades reduction in this score were observed in 33.7% and 38.6% of them, respectively. Increase in NYHA score was detected only in 5 patients. Also, none of the study patients were re-hospitalised during followup period because of their heart failure progression.
In the present study, we attempted to determine potential predictors of response to CRT after 6 months of follow-up in patients with heart failure and also evaluate whether the baseline QRS duration could be used to discriminate responders from non-responders to CRT.
METHODS
In a prospective study, 83 consecutive patients with the moderate to severe CHF (class III or class IV in New York Heart Association (NYHA) classification) in whom successful implantation of a CRT device was performed without any major complications at Tehran Heart Center were included into the study. Patients' selection was based on the following criteria: NYHA Class III or IV, normal sinus rhythm and QRS duration more than 120 milliseconds in electrocardiogram (ECG), global ejection fraction less than 0.30 on the basis of echocardiography report and presence of symptoms despite medication therapy for heart failure. Patients with a recent myocardial infarction (<2 months) or decompensated heart failure were excluded. Evaluation of clinical status included assessment of NYHA functional class. Clinical response to CRT was defined as an improvement of ≥1 grade in NYHA class (13). All patients followed over a 6-month period after device insertion.
Patients received deep sedation and underwent implantation of a device on left subclavian area. Left ventricular leads were positioned with the aid of a guiding sheath into lateral or posterolateral distal branches of the coronary sinus. Correct lodgment of the coronary venous or left ventricular lead was subsequently verified radiographically. Right ventricular and atrial leads were placed in right ventricular apex and in right atrial appendix, respectively. This study was approved by the local ethical committee and informed consents were obtained from all participants.
QRS duration was measured from the surface electrocardiogram before and 6 months after implantation of the CRT device. The ECGs were recorded at a speed of 25 mm/second and interpreted by an independent observer without knowledge of patients' clinical status. The widest QRS duration was measured manually using leads II, V1 and V6 on each ECG (13) . Baseline QRS duration in the responders was longer than the non-responders; however, after CRT device insertion there was no significant difference in QRS duration between the two groups ( Figure 1) . In responder and non-responder patients, after the 6 months follow-up, the QRS duration was significantly reduced. However, as depicted in Figure 2 , this reduction was higher in the responders with means reduction of 29.22±24.58 ms vs. 11.21±21.96 ms in non-responder patients.
Item
ROC curve analysis was performed on the baseline QRS duration to define an optimal cut-off value for prediction of clinical response (Figure 3) . The optimal cut-off value was identified at 152 ms, yielding a sensitivity of 73.3%, a specificity of 56.5% as well as positive and negative predictive values of 81.5% and 44.8%, respectively. The discriminatory power of the baseline QRS duration for response to CRT assessed by the ROC curve was 0.6402 (95% CI: 0.4976 -0.7829). 
DISCUSSION
Recent research has focused on prediction of response to CRT and some studies suggested that QRS duration per se may predict the response rate to CRT (11,15) , but a systematic study is lacking. Lecoq et al showed that among demographic, clinical and ECG variables, the amount of QRS shortening associated with biventricular stimulation was the only independent predictor of a positive response to CRT (10) . Furthermore, it has been demonstrated that the CRT responders had a significant reduction in QRS duration directly after initiation of CRT, whereas, the non-responders did not exhibit such a reduction (11) . However, in another study, QRS duration could not effectively predict poor outcome in patients undergoing CRT (12) .
In the present study, in line with some recent studies, a significant improvement in NYHA score was observed following CRT protocol in mid-term follow-up (2,4,9) . De Marco et al. suggested that the patients with moderate to advanced symptoms of heart failure effectively benefit from the addition of CRT in terms of exercise capacity, functional status and even quality of life in mid-term follow-up. The investigators recommended CRT implantation as a standard therapy in this selected group of heart failure patients (3) .
However, the results of CRT were notably different in long-term follow-up studies (12, 16) probably highlighting the role of underlying cardiac pathology severity and concurrent illnesses. Moreover, non-CAD patients have shown a greater decrease in NYHA functional class than CAD patients (5) and it has been demonstrated that the improvement in patients' characteristics is mainly related to the reduction in left ventricular end-systolic and end-diastolic volumes, and also left ventricular ejection fraction (2,17) . Positive effect of CRT on cardiac dimensions is also dependent on the severity of heart failure. Landolina et al. observed that the improvement in functional status is significantly lower for patients in NYHA class I or II than for those in NYHA class III or IV (18) .
In our study, the QRS duration was significantly reduced in both responder and non-responder groups but this reduction was greater in the responder group. In addition, we found an acceptable discriminatory power of the baseline QRS duration for response to CRT with an optimal cut-off value 152 ms (sensitivity of 73.3%, specificity of 56.5%).
In the Comparison of Medical Therapy, Pacing and Defibrillation in Heart Failure (COMPANION) trial study, the investigators compared the efficacy of medical therapy, pacing and defibrillation in patients with heart failure, and suggested that QRS duration was important for response to CRT. Other authors also reported that the decrease in the primary end point (time to death from or hospitalisation for any cause) was significant in patients with a baseline QRS duration >168 ms (19) .
Furthermore, it has been shown that CRT can potentially improve morbidity and mortality in patients with heart failure with QRS >120 ms (20) . In the Molhoek et al. study, the investigators also found no clinically useful cut-off of postimplant QRS duration or of the periprocedural change in QRS duration to separate potential responders to CRT from non-responders (11) .
Several other previous studies failed to find a value of QRS duration for CRT patients selection (8,13) . We observed that in patients with moderate to severe heart failure undergoing CRT, baseline QRS parameter had an acceptable sensitivity and specificity cut-off value of 152 ms and was a good marker of outcome.
Our study had several limitations. First, responders were defined as those patients who improved at least 1 grade in NYHA score after 6 months of CRT. A clear definition of response to CRT is lacking. It seems that the clinical indices such as an improvement in quality of life score and an increase in 6-minute walking distance and echocardiographic end points are better to determine response to CRT. Second, the present study included 83 patients; additional studies with greater cohorts of patients are needed to confirm the findings. Finally, we did not have data available regarding detailed pharmacologic therapy particularly on heart failure medications which may have changed over time. Furthermore, the lack of a statistically significant association of some of the covariates with outcome at 6 months may be due to sample size limitations, which also precluded a more comprehensive multivariable model with additional covariates, and the assessment of a possible interaction between QRS and some of the covariates. Moreover, the lack of comprehensive echocardiographic data, especially regarding measures of cardiac dyssynchrony that have suggested in some studies to identify response to CRT.
CONCLUSION
In conclusion, CRT devices can effectively induce potential changes in QRS duration, particularly in responders after a 6 months period. Baseline QRS duration can effectively predict clinical response to CRT and optimal cut-off value to discriminate baseline QRS duration for response to CRT is 152 ms, yielding a sensitivity of 73.3% and a specificity of 56.5%.
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